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R.A.N. SEA KING CABIN ENVIRONMENT SURVEY-—
Part 2.
MEASUREMENT OF TEMPERATURE AND HUMIDITY

by
B. REBBECHI and D. H. EDWARDS

SUMMARY

Measurements of temperature and humidity have been made in a Royal Australian
Navy Sea King over a period of four months. These measurements were carried out as
part of a survey of the cabin environment which had been reported to be sufficiently
adverse to cause impairment of crew efficiency, even when operating in moderate ambient :
temperatures. This survey has shown that the cabin temperature may be up to 12°C above
the outside air temperature, this temperature differential, however, tends to decrease with
increasing outside air temperature. Cabin wet bulb globe temperatures reached 32-3°C L
in an outside air temperature of 29°C. A WBGT level of 28°C is generally accepted as
the level above which crew performance decreases; this level was reached at an outside
air temperature of only 19°C.

It is shown that operation of the Sea King to the extreme limits of outside environment |
such as the humid extremes of the Australian environment, or the United States MIL- ’
4 STD-210B design environment (naval operations) would be quite impracticable, as it

‘ would be physiologically very hazardous to crew members.
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~ ABSTRACT

Measuremems of temperature and humidity have been made in a Royal Australian
Navy Sea King over a period of four months. These measurements were carried out as
part of a survey of the cabin environment which had been reported to be sufficiently
adverse to cause impairment of crew efficiency, even when operaling in moderate
ambient temperatures. This survey has shown that the cabin temperature may be up to
122C above the outside air temperature; this temperature differential, however, tends
1o decrease wnh increasing outside air temperature. Cabin wet bulb globe temperatures
reached 32-3%C in an outside air temperature of 29%C. A WBGT level of 28°C is
generally accepted as the level above which crew performance decreases; this level was
reached at an outside air temperature of only 19*C. -

It is shown that operation of the Sea King to the extreme limits of outside environ-
ment such as the humid extremes of the Australian environment, or the United States
MIL-STD-210B design environment (naval operations) would be quite xmpracru'able,
as it would be physiologically very hazardous to crew members. o -—- -
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1. INTRODUCTION

The Sea King helicopters operated by the Royal Australian Navy have a cabin environment
in which high levels of noise, vibration and temperature are experienced.

Following a meeting between RAN and ARL personnel (Department of Defence 1976),*
ARL accepted the task of evaluating the cabin environment with respect to noise and vibration
(separately reported by Pavia and Edwards 1977), and temperature and humidity.

Equipment was installed by ARL to enable the recording of cabin temperatures over an
extended period, when several RAN Sea Kings were travelling to the United Kingdom on
HMAS Melbourne. A wide range of climatic conditions could then be expected.

This report does not explore the reasons for the high cabin temperatures; however, an
analysis of the source of heat inputs and suggestions for partial alleviation of the problem are
given by Rebbechi (1977). A subsequent analysis of the heat balance for the cabin, and flight
trials performance of an electrically powered vapour cycle cooling unit are reported by
Rebbechi (1979).

The instrumentation used for the temperature survey and the results obtained are described
in this note, together with an estimate of the effect on crew efficiency of operating the aircraft
in environmental extremes.

2. INSTRUMENTATION

Temperatures at 10 locations in the aircraft (Figs. 1 and 2) were sensed by type K (NiCr/NiAl)
thermocouples. A Fluke digital thermometer Model 2100A-10, mounted in the sonar operator’s
instrument rack was used to measure and display the thermocouple outputs by operator selection
of the desired channel.

Because of the wide tolerance of line voltage and frequency permitted for power supply to
the temperature indicator (180-256 V at 50-440 Hz), this equipment was satisfactorily operated
from the aircraft alternating current supply of 200 V. line to line, at 400 Hz.

3. RESULTS

The complete results of the temperature survey are contained in Appendix I. Data were
available from March-June 1977, and were recorded in flight by the Sea King sonar operator.
For nearly all of the flights the cabin ventilation air fan was on: where this was not the case the
records are annotated accordingly. For the months of March, April and May information is
not available as to whether the sonar equipment was on, or the front vent windows open.
However. it can be assumed that the front vent windows were always open whenever the cabin
became uncomfortably warm. Also the sonar could be assumed to be on for most of the flights,
as the aircraft was at this time being used in its primary anti-submarine-warfare training role.

4. DISCUSSION OF RESULTS
4.1 Cabin Environment

The Wet Bulb Globe Temperature (WBGT) index is used here as a measure of the level
of heat stress experienced by the crew. The index. which is defined in Appendix 2. has become
widely used as a predictor of heat stress. An index level of 28°C is currently regarded as the upper
limit for effective aircrew performance (Aircraft Research and Development Unit 1968: Nunneley

* References are listed at the end of this report.
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CHANNEL PARAMETER LOCATION
4] Air temperature Co-pilots feet area
1 Black globe temperature | Cockpit
2 Air temperature Rear of pilot’s seat, at chest height
3 Air temperature Forward cabin
4 Skin temperature Roof ot aft cabin
S Dry bulb temperature Between sonar/navigator Crew
6 Black globe temperature | Between sonar/navigator crew
7 Wet bulb temperature Between sonar/navigator Crew
8 Air temperature Aft compariment
9 Qutside air temperature Cabin tresh air intake gnii

FIG. 1: LOCATION OF TEMPERATURE SENSORS
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et al. 1978). During flight trials carried out by the RAAF Institute of Aviation Medicine (1976),
a WBGT level of 35°C was sufficient to induce a situation of near collapse in a subject after

one hour.

The WBGT temperatures for the flight during which the highest cabin temperatures were
recorded are given in Table 1. From this it can be seen that although the ambient climatic
conditions were not severe, with an outside air temperature 28-29°C, the WBGT levels of

30-32-6°C are excessive from the viewpoint of crew efficiency.

TABLE 1

Sea King Temperatures

Date: 21 May 1977
Ground conditions at take-off: Dry bulb temperature, 29°C

Wind speed, 5 kn

Crew comment

30-0

Time: 1415 1515 1600
Flight phase: Forward l Hover Forward

Cloud cover: 3/8 ‘ 3/8 3/8

Temperatures (°C) . Recording : !

} channel ‘ |

i |
Outside air o9 o b w3 202
Co-pilot, feet area ! 0 | 348 b 344 I 344
Cockpit black globe ‘ | | 397 / 409 357
Rear of pilot’s seat, at chest height 2 ] 331 | 33-5 [ 33-6
Forward cabin ceiling ; 3 1 326 ¢ 392 | 44l
Aft cabin skin . 4 | 46 | 388 | 432
Sonar-nav. crew 5 ! 323 T 356 : 356
Sonar-nav. black globe 6 | 328 366 | 354
Sonar-nav. wet bulb 7 | 28-8 ; 30-6 | 304
Aft compartment 8 ‘ 345 351 J 359

e : S !
Cabin relative humidity (%) 760 650 | 650
Cockpit relative humidity (%) 120 | 00 | 700
WBGT (pilot) (°C) | 316 0 326 | 314
WBGT (sonar-nav. crew) (°C) : ; 32:3 319

Very hot an< uncomfortable

in Table 2 a comparison is given between WBGT levels and ouside air temperatures for
two flights in which the cabin WBGT was approximately the recognised limit for effective crew
performance of 28°C. It can be seen that the outside air temperature did not exceed 20-3°C;

the cloud cover was described as haze (the extent of which, however, is not known).

4
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TABLE 2

Sea King Temperatures

Date: 6 June 1977
Ground conditions at take-off: Dry bulb temperature. 23 C
Relative humidity, 747
Wind speed. 10 kn
Cloud cover: Haze throughout flight

Flight 1 Flight 2
Time 1115 1200 1210 1215 1420 1425 1455 1515
Flight phase Ondeck Fwd. Hov. Hov. Fwd. Hov. Hov. Fwd.
Outside air temp. ( C) . 20-3 20-3 189 18-9 19-3 19-6 18-8 19-0
WBGT (*C) 22-7  26-7 . 28-3 ; 28-7 27-4 273 266 28:7

Tables 1 and 2 thus emphasize that only very moderate ambient temperatures result in
effective cabin temperatures at which a deterioration in crew performance can be expected.

If the Sea King crew were to be required to operate in a more severe environment than
encountered during this survey. then it is apparent that a physiologically hazardous state would
be attained by the crew in any prolonged missions. It would be quite impracticable, for example,
for the crew to operate in the humid extremes of the Australian environment, where typically
the temperature can be 32 C and the absolute humidity 0-024. as a pilot WBGT of 32-6°C
would then result (assuming a cockpit black globe temperature of 12-6 C above ambient, as in
Table 1).

An even greater hazard would result from operation in the more severe design climatic
environment of MIL-STD-210B for Naval Air Operations, where the prescribed temperature
is 48 °C, and the humidity ratio is 0-030 kg moisture kg dry air. The resulting WBGT for the
sonar operator/navigator crew area would then be 40-7 C.

In Figure 3 the rise in cabin dry bulb temperature (sonar/navigator crew position) above
ambient temperature is plotted vs. ambient temperature for all of the records in Appendix 1.
This figure shows a wide spread of results with the only discernible trend being an apparent
decrease in temperature differential with rising outside air temperature.

The cockpit temperatures (recording channel 2— rear of pilot's seat). despite the transmission
of solar radiation through the transparencies. are at times /ower than the cabin temperatures
(channel 5), as can be seen in Table |; this is due to the ventilation of the front cockpit area by
the open vent windows. Very little ventilation of the rear cabin appears to take place even with
these windows open.

The forward cabin temperatures (channel 3) appear to be quite high. However, this is a very
localised temperature rise, brought about by the close proximity of electrical equipment, and is
not representative of bulk air temperatures in this region.

4.2 Aft Compartment Temperatures

The aft compartment is separated from the crew area by a thin insulated curtain. As can be
seen from Table 1. the temperature of air in this compartment is nearly equal to the cabin
temperature.

The description printed on the curtain-—~-THERMAL BARRIER —tends to give a misleading
impression of temperature levels to be expected here. The partitioning of the tail compartment is
useful in that it prevents a forward flow of air from this region. which is undesirable if. as is
likely at least in forward flight. the air contains engine exhaust gas.

4.3 Rear Fuselage Skin Temperature

The skin temperature was measured by attaching a thermocouple to the inside of the skin,
in the location shown in Figures 1 and 2. From Appendix 1. the highest recorded temperature

S
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[ ]
X Forward flight
@ Vent windows closed, forward
Cabin flight, sonar on
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FIG.3: CABIN TEMPERATURE RISE ABOVE OUTSIDE AMBIENT TEMPERATURE
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on 24 May 1977 was 50-2 C, in an ambient of 30-6 C. A slightly greater differential of 23°C
was recorded on 18 April 1977. The temperature rise appears to depend upon the flight phase,
and, as can be seen from Table | (and also Appendix 1). is higher in forward flight than in the

hover.
The dependence on flight configuration probably arises from the aft location of the measure-

ment point; in forward flight a greater concentration of exhaust gas would impinge on this
region, than in the hover.

4.4 Comparison with other Military Helicopters
4.4.1 Comparison with Royal Navy Sea King Cabin Temperatures

Lovesey et al. (1976) conducted a brief survey of the RN Sea King cabin environment, in
outside ambient temperatures of up to 17°C. The largest cabin temperature differential was 6°C
above ambient. Cloud cover varied from 4/8 to 7;8. The conclusions reached from this survey
were that the environment was judged to be acceptable—neither unpleasantly hot nor un-
pleasantly cold. This conclusion concurs with the findings here, that outside air temperatures of
up to 19°C would not produce excessive WBGT levels in Australian Sea Kings.

4.4.2 Comparison with CH-47 (Chinook) Cabin Temperatures

Laing er al. (1975) carried out a survey of temperatures in 20 different locations in the
CH-47 helicopter: the average temperature rise in the cockpit was 6-5°C (forward flight) and
5-1°C (hover), in full solar radiation. These temperatures are similar to those found for the RAN

Sea King (see Fig. 3).

S. CONCLUSIONS

Considerable variability was evident in the temperatures recorded during the survey.
However. the results demonstrate that:

(a) a deterioration in crew performance will occur in quite moderate external climatic
conditions, thus limiting the operational effectiveness of the aircraft;

(b) operation of the Sea King in the humid extremes of the Australian environment would
be physiologically very hazardous to the crew members;

(¢) operation of the Sea King in the more severe climatic design environment of the United
States MIL-STD-210B. Naval Environment {(Operations) would be quite impracticable.

6. ACKNOWLEDGMENTS

Thanks are due to aircrew members of 817 Squadron for their recording of temperature
data, and to the co-operation of RAN personnel at Nowra during installation of the recording
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APPENDIX 1 _

Sea King Temperatures
(a) March 1977

l Ground condition ‘ ) [
! at take-off | . Temperature ('C) 4
Date - —-— {Time Cloud (Flight - Crew
l T { . cover [phase 0 1 2 | 3 | 4 ;5 6 7 8 9 comment
O ) (kn) : | . ‘ ‘ :
15 | B ‘ 65 | 10 | 1100 48 | Fwd. 328 361 .331,306: 444 303 309|243 323 272| Hot
16 | 20 | 62 | 20 | 1100 38 | Hov. 261 349269 316328269 ,6266(200 257 169
X | 1200 28 |Fud 262:357 322371 40'2‘271,‘26'9 213 243 176
I
17 25 0 37 | 20 11500 Nl |Hov. 301 382 282 '35.4'3321288) 289|228 285 197 Warm
| i | 1600 Nil | Fwd. 292,342 315 3044136-2\[294!289 230 274 231 {
17 ) 17 | 32 } 10 1900 2/8 | Hov. K 274 263 287 327 291 286 284|226 269 203 | Warm |3
(2000 218 | Fwd. 276 273 295 362 390 285278227 210 200 a
i \ 1 12100 | 2/8 | Hov. " 278 27-3 298 3i-1 306 .28-9i287|233 271 .199| Hot ) ;
! ! 02200 28 |Fwd. 272 269 276 36:6,306 289 285|232 236 210 Hot and sticky o
2 022 | % 10 2005 Nil |Fuwd 25 264 295 3701333271 275|229 269 21-6| Warm
23 0 25 | sa | 10 1300, 38 | Fwd. 309 36:5 294 303 317 290,299 247 290 216| Very uncomfort- .
i ‘ 1400 ' 38 | Fwd. 31'6139-7 320 424 422 304 314|251 296 41| able X
25 ‘ 25 48 15 1600 Nil |Fwd. 314 353 316 432 422 317 326|257 320,237 | Hot and uncom- 1
! ortable -
20 | 1075 115 140 78 |Fwd. 1217 251 285 240 257 222 234207 183 103 | Comfortable )
; ‘ 1540 ' 8/8 | Fwd. 199 203 272 217 259 199 206|180 156 96 b
| ‘ 1615 88 |Fwd. 218 207 279 228 335 21-4,221|197 193 123 0
30 ‘ 25 0 30 | 8 11400: S8 | Fwd. 289 377 284°39:5 36-6 27-1 275|252 260 180 | Comfortable M
30§ 25 | 30 | 10 2000 Nil |Fwd. 289 31-5 30-5 422 392 306 30-3]289 289 24-1| Hot and uncom-
| \ ' ' ' i . i fortable '
(b) April 1977
T ] ‘ .
| Ground condition !
at take-off Temperature ( C)
Date ! — - ' Time Cloud| Flight Crew
| IRR.' v cover [ phase 0% | 2 3 4 L1 6 7 8 . 9 comment !
‘(C)‘(,) (kn) | : ‘ I
18 | 2zt | [ 5 1008 "Nit |Fwd. 226 286 216 276 313 229 242 208 245 17:6 Hot and uncom-
! 1025 Nil "22.8.26-3 224 307 328 241 251 229 269 191 fortable
| 11045 Nil 238282 248 264 300 255 263 245 282192
| 1200 Nil 277 3321289 322 314 276 288 2635 292 203
I I
18 | 226 10 1230 Nil 2511331 290 332 349 226 223226 218 157 Hot and uncom-
! ) | 1300 Nit 270 369 301 371 403 258 262 246 250 I73| forable
i ‘
18 27 "5 1510 Nil |Fwd. 322 418 297 409 360 304 309 293 208 2i1| Hot and uncom- |
i [ 1625 Nil 322 322 30-3‘361 340,291 296 290 289 22:0| fortabic
19 | 21 | 0830 7/8 | Fwd. ;169 189 161 163 197 160 150 167 167 147| Hot and uncom-
030 68 251 29-9:210 280 332 286 236 260 260 I186( fortable
1030 | 518 269 296 280 342 25:1!289 276 251 254 I86
| RIE [260 344 252:339 362 250 253 223 223 18
. f
28 | 28 | 5 1530, B [Fwd. 295 3431282262 255 253 258 24-1-258 236 Warm
i [ 1630 18 | Fwd. 286325 299404 354 276 399 272 214 203
| | | | i

® Channel 0 Co-pilot’s rudder pedal area.
1 Cockpit globe.
2 Pilot’s rear seat, mid-height. ;
3 Forward cabin air temperature.

; 4 Aft cabin skin temperature.

S Sonar-navigator crew air temperature
6 Sonar-navigator crew black globe temperature.
7 Sonar-navigator crew wet bulb temperature.
8 Aft fuselage air temperature,

9 Outside air temperature.
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APPENDIX 2
Wet Bulb Globe Temperature

The Wet Bulb Globe Temperature (WBGT) takes account of incident thermal radiation,
ambient temperature and humidity. It is defined (Kerslake 1972) as

WBGT = 07T 'wp+0:275+40-1T,,

where T'wp = naturally convected temperature of a wet bulb exposed to radiation from sur-
roundings (°C),

Ty = temperature of a 150 mm black globe (°C),
T = dry bulb temperature (°C).
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